The performance of the strongly constrained and appropriately normed (SCAN) [Phys. Rev. Lett. 115, 036402 (2015)] meta-generalised gradient approximation exchange-correlation functional is Understanding the origin of these (near)-triplet instabilities may provide useful insight into future functional development.
Introduction
The strongly constrained and appropriately normed (SCAN) functional of Sun et al. [1] is the state-of-theart, non-empirical, semi-local exchange-correlation functional in density-functional theory [2, 3] 
(DFT).
As a meta-GGA (meta-generalised gradient approximation), it depends not only on the density and the reduced density gradient as conventional GGA functionals, but also on the kinetic energy density. This dependence provides additional flexibility that allows the functional form to satisfy additional constraints.
Developed from first principles, SCAN satisfies all of the exact constraints that it is possible for a meta-GGA to satisfy [1] . When applied to an extensive variety of problems in solid state physics (see e.g., Refs. [4] [5] [6] [7] [8] for some recent examples), this functional has demonstrated improved performance over previous semi-local functionals (either at the GGA or meta-GGA level), perhaps suggesting that it has introduced additional 'physics' through its more constrained form.
There have also been a limited number of assessments of the functional applied to molecular systems [9] [10] [11] [12] , focusing on ground state properties, where there are again indications that it does not behave as a prototypical semi-local functional. In particular, observations around its hybrid-like performance for an extensive set of atomisation energies and related ground state properties [13] , are indicative of the SCAN functional reproducing aspects of the underlying behaviour attributed to global hybrid functionals.
Our interest here lies in the properties of excited states of singlet ground-state molecules from timedependent DFT [14, 15] (TDDFT) within the adiabatic approximation. For local excitations, special attention must be paid to the possible effect of triplet (near)-instabilities [16] [17] [18] [19] [20] [21] [22] [23] , which can be identified by calculating the triplet stability, ω stab . This quantifies the stability of the Kohn-Sham determinant with respect to spin-symmetry breaking orbital rotations [24] [25] [26] . Small positive values of ω stab indicate near-instabilities and correlate with underestimated triplet TDDFT excitation energies; negative values indicate actual instabilities and lead to imaginary triplet TDDFT excitation energies [21] . It is well established [17, 19, [21] [22] [23] [27] [28] [29] [30] [31] [32] that application of the Tamm-Dancoff approximation [33, 34] (TDA) largely repairs the problem with conventional functionals, and so the magnitude of the difference between TDA and TDDFT excitation energies provides an alternative measure of the effect of triplet (near)-instabilities [21, 22] .
In Ref. [21] , we demonstrated that for TDDFT excitations from singlet ground state to triplet local excited states, the effect of triplet (near)-instabilities became increasingly pronounced as the fraction of exact orbital exchange in the functional increases. Interestingly, TDDFT excitations to the spatially equivalent singlet states (i.e., those states involving the same dominant orbital rotations) could also be affected, although the effect became less pronounced as the fraction of exact orbital exchange increases. It is therefore of interest to establish whether the hybrid-like behaviour of SCAN noted in Ref. [13] is evident in the context of the triplet instability.
We also consider excited states of charge-transfer and Rydberg character. For both categories, it is wellestablished that increasing the fraction of exact orbital exchange reduces the errors and so it is again informative to investigate the performance of SCAN.
We consider a series of representative local, 
Computational Details
All SCAN calculations were undertaken with the QChem 5.0 program [41] . For the other functionals, calculations were undertaken with a combination of Q-Chem 5.0, Dalton 15 [42, 43] , and Gaussian 09 [44] .
Throughout, we use the standard generalised KohnSham formalism. Here, the exchange-correlation (XC) potential and kernel contributions corresponding to any orbital-dependent components (i.e., the exact orbital exchange contributions in hybrid functionals, and the kinetic energy density contributions in meta-GGAs) are evaluated as derivatives with respect to the Kohn-Sham orbitals, rather than the density. This is the conventional approach for ground and excited state calculations within DFT, (for a discussion of this approach in the context of meta-GGA functionals and excited states, see ref [45] ).
We use a large numerical integration quadrature grid for evaluating the exchange-correlation energy contributions (as necessitated by the kinetic energy density component of the SCAN functional), and have confirmed that our observations are independent of making the quadrature even more extensive. With the exception of the diatomic molecules, the aug-ccpVTZ basis set [46, 47] is used for all DFT calculations. For CO and N 2 , we use the d-aug-cc-pVTZ basis set [46, 47] , due to the consideration of highlying Rydberg excited states therein. For H 2 , we use the cc-pVTZ basis set [46] to minimise convergence issues at small interatomic distances.
For CO and N 2 , we use experimental geometries and compare with reference results [22] from d-augcc-pVTZ approximate third order coupled cluster theory, CC3 [48, 49] . For the other molecules, we use the geometries as defined in the original studies from which we have taken the molecules; we also use the same reference data. Specifically, for acetamide and propanamide, MP2/6-31G* geometries are used following Ref. [50] , and we compare our DFT excitation energies with the theoretical best estimates (complete active space self-consistent field with second order perturbation theory correction, CASPT2 [51, 52] , and CC3) taken from the work of Thiel and co-workers in Refs. [50, [53] [54] [55] . Following Ref. [56] , we use CAM-B3LYP [57]/6-31G* geometries for the polyacetylene oligomer (PAO) series, the B3LYP/TZVP geometry for naphthalene, and the MP2/6-31G* geometry for the model dipeptide. In each of these cases, we compare our DFT excitation energies with equations of motion coupled cluster with single and double excitations [58, 59] (EOM-CCSD) excitation energies evaluated in the cc-pVTZ basis set, with a correction to account for the influence of diffuse functions [22] . The H 2 results are compared with CCSD (full configuration-interaction) results.
For all the molecules that we consider, the triplet states we investigate are of equivalent character to the singlet states (i.e., the character/dominant orbital rotations are the same, irrespective of spin).
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We begin by examining a selection of excitation energies in small molecules. The molecules have been selected on the basis of being representative of that class of excitations within the larger benchmark sets from which they have been taken. All excitation energies discussed are presented in table 1.
Local excitations
First, we consider two low-lying excitations in acetamide and propanamide, paying attention to whether the system-dependence of the reference excitation energies can be reproduced. For the singlets, are very close to those obtained using B3LYP.
The effect of the TDA is now significant, improving the accuracy in all cases. Its effect is less pronounced for B3LYP and SCAN than it is for PBE, meaning the behaviour of SCAN is again comparable to that of a hybrid functional, in the context of Ref.
[22].
For the TDDFT triplet excitations, the trend across the series is reproduced with PBE and B3LYP.
The PBE values are again too low. In moving to B3LYP, however, the underestimation increases, which contrasts the behaviour for the singlet states.
In moving to SCAN, the excitation energies become The final set of local excitations we consider are the B 2u and B 3u excitations in naphthalene and the results are fully consistent with those discussed above.
It has been widely observed that many DFT functionals incorrectly predict the state ordering of the two singlet states; the 1 B 3u state should be lower in energy than the 1 B 2u state [56, 60] .
For the TDDFT singlet excitations, all three func-tionals yield the incorrect state ordering, due to a no- We find that for naphthalene and the PAO oligomers, the smallest singlet-triplet energy difference computed using SCF energies is significantly lower when computed with SCAN as compared to both PBE and B3LYP, consistent with the observed behaviour with the TDA excitation energies.
As highlighted in section 2, our calculations employ the conventional GKS formalism. The alternative is to use the optimised effective potential (OEP) approach, where all XC potential and kernel contributions are evaluated via derivatives with respect to the density. We note that in the context of exactexchange only OEP, Hirata et al. [61] found that excitation energies in the presence of triplet instabilities are barely affected by the switch to an OEP formalism. Importantly, they showed that the use of the TDA is still required to obtain physically meaningful excitations in situations strongly affected by triplet instability problems. This is consistent with the view that whilst the triplet instability problem manifests in excitation energies, it is fundamentally a failure of the ground state.
Charge-Transfer Excitations
When considering charge-transfer excitations, although hybrid functionals offer an improvement over conventional semi-local functionals, in these cases standard hybrid functionals are still poor relative to reference values or the results achievable by range-separated hybrid/Coulomb-attenuated functionals [56] . This relates to the need to describe 'separated charge' interactions, that are formally only correctly captured by 100% exact orbital exchange [62] .
To probe the performance of SCAN for CT states, we consider a model dipeptide system [22, 56, 63] , 
Rydberg Excitations
The underestimation of Rydberg excitations by conventional semi-local functionals is well-known, due to the incorrect behaviour of the exchange-correlation potential at long-range (which is critical for the highly diffuse orbitals involved in Rydberg excitations) [64, 65] . To probe the behaviour of SCAN for Rydberg excitations, we consider CO and N 2 as prototypical examples, noting that the effect of the TDA is small throughout and that analogous observations are made for the singlet and triplet states. 
